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RESPONSE-INDEPENDENT EVENTS IN
THE BEHAVIOR STREAM
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The metaphor of the behavior stream provides a framework for studying the effects of response-
independent food presentations intruded into an environment in which operant responding of
pigeons was maintained by variable-interval schedules. In the first two experiments, response rates
were reduced when response-independent food was intruded during the variable-interval schedule
according to a concomitantly present fixed-time schedule. These reductions were not always an
orderly function of the percentage of response-dependent food. Negatively accelerated patterns of
key pecking across the fixed-time period occurred in Experiment 1 under the concomitant fixed-
time variable-interval schedules. In Experiment 2, positively and negatively accelerated and linear
response patterns occurred even though the schedules were similar to those used in Experiment 1.
The variable findings in the first two experiments led to three subsequent experiments that were
designed to further illuminate the controlling variables of the effects of intruded response-indepen-
dent events. When the fixed and variable schedules were correlated with distinct operanda by em-
ploying a concurrent fixed-interval variable-interval schedule (Experiment 3) or with distinct dis-
criminative stimuli (Experiments 4 and 5), negatively accelerated response patterns were obtained.
Even in these latter cases, however, the response patterns were a joint function of the physical
separation of the two schedules and the ratio of fixed-time or fixed-interval to variable-interval sched-
ule food presentations. The results of the five experiments are discussed in terms of the contributions
of both reinforcement variables and discriminative stimuli in determining the effects of intruding
response-independent food into a stream of operant behavior.

Key words: concurrent schedule, conjoint schedule, concomitant schedule, temporal control, re-
sponse patterns, key peck, pigeons

As living organisms move through time and
space, they encounter a mixture of events,
some that occur as a result of their actions
and others that occur independently of those
actions. The dynamic interplay between both
types of events and behavior was recognized
by Schoenfeld and his colleagues, who, re-
flecting earlier ideas such as Heraclitus’s pan-
ta rhei and James’s metaphor for conscious-
ness, conceived of behavior as being like a
stream, ‘‘nothing jointed, it flows’’ (James,
1890, p. 239). Farmer and Schoenfeld (1966)
proposed that both respondent and operant
conditioning paradigms involve the analysis
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of events intruded into the behavior stream
and subsequently observed that

Any stimulus (whether called ‘‘neutral,’’ or
‘‘reinforcing,’’ or ‘‘conditional,’’ or ‘‘discrim-
inative,’’ or whatever) . . . may be intruded
into an organism’s behavior stream at the dis-
cretion of the experimenter; and the effects
of the intrusion upon any response or stream
segment, whether operant or not, and wheth-
er prechosen for observation or not, will de-
pend upon many parameters. Among the lat-
ter parameters will be the temporal reference
of that stimulus to the response, the degree of
necessity-sufficiency between them, and the
response composition of the behavior stream.
(Schoenfeld & Farmer, 1970, p. 218)

One type of intruded event is the response-
independent presentation of food. Such
events have been intruded into a stream of
behavior in three ways. First, they have been
intruded when a particular response was not
prechosen for analysis, as in Skinner’s (1948)
original investigation of superstitious behav-
ior. Second, they have replaced response-de-
pendent food presentations after steady-state
responding was established (Herrnstein,
1966; Zeiler, 1968). And, finally, response-in-
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dependent food presentations have been in-
truded into, which is to say combined with, a
stream of prechosen responding that contin-
ues to be maintained by a schedule of re-
sponse-dependent reinforcement (e.g.,
Schoenfeld & Farmer, 1970). The behavioral
effects of this latter procedure were the con-
cern of the present experiments.

The concomitant presence of both re-
sponse-dependent and response-independent
events gives rise to two classes of variables that
may affect subsequent behavior. First, the re-
sponse-reinforcer relation is no longer the
simple dependency between responding and
the presentation of food that it is when a
schedule of response-dependent food is in ef-
fect. As the proportions of response-depen-
dent and response-independent food vary, so
will the temporal relations between respond-
ing and those food presentations. Second,
these varying temporal relations may affect
responding both directly and as a function of
the discriminative stimulus control of re-
sponding that may result from both the de-
tection of the different response–food rela-
tions that occur (cf. Killeen, 1978; Lattal,
1975) and the interfood intervals of either
schedule, to the extent that they are distinct
(cf. Lund, 1976). These latter temporal stim-
uli in particular may affect local response
rates and, as a result, overall response rates.
The results of several studies illustrate the op-
eration of these variables when response-in-
dependent events are intruded and bring us
to the present experiments.

When response-independent food ar-
ranged according to variable-time (VT)
schedules is intruded into a stream of re-
sponding maintained by a variable-interval
(VI) schedule, the rate of responding is ap-
proximately proportional to the proportion
of food arranged by either of the two sched-
ules (e.g., Imam & Lattal, 1988; Kopp & Van
Haaren, 1982, Experiment 1; Lattal, 1974;
Rachlin & Baum, 1972; Schoenfeld & Farmer,
1970). This relation is less consistent when
other combinations of response-dependent
and response-independent food are studied.
For example, Lattal and Bryan (1976, Exper-
iment 1) found that fixed-interval (FI) re-
sponse rates either increased or were un-
changed when a VT 150-s schedule was
intruded. Further increases in VT food rate,
however, did proportionally lower response

rates (Lattal & Bryan, Experiment 1). Simi-
larly, Lattal and Bryan (Experiment 3) did
not find systematic effects on FI response
rates when fixed-time (FT) schedules with dif-
ferent interfood intervals were intruded. Zeil-
er (1977) also found variable effects on re-
sponse rates when response-independent
food, delivered according to FT schedules,
was intruded during a VI schedule. Response
rates of 2 subjects generally increased as the
proportion of FT food decreased; however,
the rates of a 3rd subject were unrelated to
changing proportions of FT and VI food (cf.
Kopp & Van Haaren, 1982, Experiment 2).

The fact that Lattal and Bryan (1976) did
not always find response rates changing in
proportion to the ratio of response-depen-
dent to response-independent food was relat-
ed to the temporal patterns of responding
that occurred when VT or FT schedules were
intruded on FI-schedule-maintained respond-
ing. When the VT schedule was intruded, the
positively accelerated response patterns char-
acteristic of FI performance changed to lin-
ear ones, thereby lowering the local rate at
the end of the FI and elevating response rates
early in the FI. As a result, the net effect was
either no change or an increase in overall re-
sponse rate despite a reduction in the pro-
portion of response-dependent food. Similar-
ly, when FT schedules were intruded during
FI, response patterns became positively accel-
erated within each FT period, the outcome
being that overall response rates were not al-
ways an orderly function of the proportion of
response-dependent food presentations. Zeil-
er (1977) did not report response patterns
when FT schedules were intruded during VI,
but one possibility is that the insensitivity of
the responding of 1 subject to the changing
proportions of VI and FT food was related to
changing response patterns engendered by
the FT schedules.

In the present experiments we investigated
further the manner in which reinforcement
and discriminative stimulus variables com-
bine to control responding when response-
independent events are intruded into a
stream of operant behavior maintained by a
VI schedule of reinforcement. In the first two
experiments we examined changes in re-
sponse rates and patterns engendered by
varying the rates of food presentation ar-
ranged by FT and VI schedules. In the next
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three we attempted to isolate some of the
controlling variables of the effects observed
in the first two experiments.

EXPERIMENT 1

Key pecking maintained by VI schedules
that arranged different rates of reinforce-
ment was studied as a function of intruded
food arranged by an FT schedule of fixed val-
ue.

METHOD

Subjects

Three male White Carneau pigeons, each
with an unknown prior history of responding
on schedules of reinforcement, were main-
tained at 80% of their free-feeding weights by
limiting access to food.

Apparatus

An operant conditioning chamber made of
hardware cloth and enclosed in a sound-at-
tenuating chamber was used. The work area
was approximately 30 cm high by 30 cm wide
by 30 cm long. A single response key was cen-
tered on the front aluminum work panel 20
cm from the chamber floor. The key was
transilluminated by a single 110-V AC colored
bulb at all times except during food delivery.
Food was defined as 3-s (for Pigeons 4067
and 4533) or 5-s (for Pigeon WC3) access to
mixed grain in a Gerbrands food hopper lo-
cated behind a feeder aperture (5 cm square)
centered on the work panel with its lower
edge approximately 6 cm from the floor.
Food delivered as a result of either the VI or
FT schedule was presented through the same
hopper. The aperture was lit by a 110-V AC
white light during food delivery. General
chamber illumination was provided by a
110-V AC houselight located in the lower
right corner of the work panel. The house-
light remained on throughout the session, ex-
cept during food delivery. White noise and a
ventilation fan in the chamber masked extra-
neous noise. Electromechanical program-
ming and recording equipment was located
in an adjacent room.

Procedure

Following training to key peck, a VI sched-
ule, consisting of 20 intervals generated using

the progression suggested by Fleshler and
Hoffman (1962), was effected. The average
interreinforcer interval was increased gradu-
ally over several sessions until the terminal
value was reached. When responding showed
no systematic trends, the effects of combina-
tions of different VI and FT schedules were
studied as detailed below. In each case, the
two schedules operated independently of one
another. Whenever food was scheduled from
the FT schedule while VI food was being pre-
sented (which occurred only rarely), the for-
mer was delivered immediately after the hop-
per was deactivated.

The conditions, numbers of sessions at
each, and their sequence are shown in Table
1. Following training on VI 300-s schedules,
concomitant1 FT 150-s VI t-s schedules were
studied. The average VI interreinforcer inter-
val, t, was changed from 300 to 600 to 1,800
s over successive conditions for Pigeons 4067
and 4533. These values represent ratios of re-
sponse-independent to response-dependent
food of 2:1, 4:1, and 12:1, or percentages of
response-dependent reinforcers of 33, 25,
and 8, respectively. In a final condition for
these 2 pigeons, the FT 150-s schedule was
changed to an FI 150-s schedule to assess the
effect of adding the response-food dependen-
cy. For Pigeon WC4, the effects of adding and
removing a concomitantly available FT 150-s
schedule were studied. Except for the last
condition, which terminated for 2 subjects af-
ter only a few sessions because of the inves-
tigator’s departure from the laboratory, con-
ditions were in effect for at least 20 sessions
and until no systematic trends in response
rates and patterns were observed over the last
six sessions. Some conditions were in effect
beyond the first point of stability to assess lon-
ger term effects of the schedules. Sessions

1 The procedure has been described in terms of the
intrusion of response-independent food presentations
into a stream of operant behavior maintained by VI
schedules. Because this description is rather general and
cumbersome for precise, repeated use, we have followed
the rationale of Imam and Lattal (1992) and describe
combinations of response-dependent and response-in-
dependent food-delivery schedules as concomitant
schedules. Such a label, as Imam and Lattal note, distin-
guishes the combinations from conjoint schedules, where
two response-dependent reinforcement schedules are
correlated with the same operandum simultaneously, and
concurrent schedules, where two distinct operants are
specified.
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Table 1

Sequence of conditions and numbers of sessions in each condition for each pigeon in Ex-
periment 1. Also shown are the means and ranges of the number of food delivery presenta-
tions (SR) under both the VI and FT schedules and response rates (total responses divided
by total time in session) for each of the 3 birds during the last six sessions of each condition.

Subject Schedule
Number of

sessions

M
FT or FI

SR
VI
SR

Response rate

M Range

4067 VI 300 s
FT 150 s VI 300 s
FT 150 s VI 600 s
FT 150 s VI 1,800 s
FI 150 s VI 1,800 s

30
35
36
22
8

36
36
34
37

18
18
9
3
3

59
55
53
53
74

57–63
41–65
45–64
49–55
65–85

4533 VI 300 s
FT 150 s VI 300 s
FT 150 s VI 600 s
FT 150 s VI 1,800 s
FI 150 s VI 1,800 s

53
36
35
26
5

36
32
36
37

18
18
9
3
3

80
54
45
17
32

77–82
47–59
42–50
14–21
22–50

WC4 VI 300 s
FT 150 s VI 300 s
VI 300 s

31
45
23

38
18
18
18

27
14
18

26–32
11–18
15–24

ended after the first FT food after 5,400 s (90
min) had elapsed and occurred at the same
time each day, 6 days a week.

RESULTS

Table 1 shows response rates (total re-
sponses divided by total time in session less
food time) for each pigeon averaged over the
last six sessions of each condition. Intruding
the FT schedule reduced average response
rates from the first condition (VI schedule
alone) for each pigeon, although these re-
ductions for Pigeon 4067 were modest. As the
rate of VI reinforcement was reduced while
the FT food rate was held constant, average
response rates decreased for Pigeon 4533 but
were relatively unchanged for Pigeon 4067
even when, during the concomitant VI
1,800-s FT 150-s schedule, only three re-
sponse-dependent reinforcers occurred in
each session. When the FT schedule was re-
moved, either by returning to the VI 300-s
schedule alone (Pigeon WC4) or by changing
the FT schedule to an FI schedule (Pigeons
4067 and 4533, last condition), response rates
increased relative to those controlled by the
preceding concomitant schedule.

Key-peck response rates in successive
tenths of the fixed interfood interval during
each condition are shown for each pigeon in
Figure 1. These same data are shown as per-
centages of total responses in Figure 2. Dur-

ing VI 300 s, responses were recorded in a
manner similar to that used during the con-
comitant schedules, but response-indepen-
dent food did not occur. Response rates were
the same across successive tenths of the FT
sham period during VI 300 s. For each of the
3 birds, intruding the FT schedules changed
the distributions of key-peck responses. Dur-
ing each of the concomitant schedules, the
number of responses across successive por-
tions of the FT period decreased, implying a
negatively accelerated cumulative response
pattern. That is, response rates were highest
in the first tenth of the interval following an
FT food delivery and were lower in the other
nine tenths of the interval. There were two
forms of this negatively accelerated response
pattern. All pigeons responded rapidly im-
mediately after an FT food delivery, but
thereafter Pigeons 4533 and WC4 responded
at a more even rate and Pigeon 4067 re-
sponded at progressively lower rates across
the FT period. The negatively accelerated re-
sponse pattern was most marked with Pigeon
4067 during the concomitant VI 1,800-s FT
150-s schedule, when it responded at rates of
87 and 22 responses per minute in the first
and last tenths of the FT period. Informal but
regular observations during the concomitant
schedules revealed that as each FT period
progressed, Pigeon 4067 in particular orient-
ed toward the food hopper and sometimes
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Fig. 1. Response rates (responses per minute) during successive tenths of the FT period for each subject during
each condition of Experiment 1. Each data point is an average over the last six sessions of each condition. All schedule
parameters are in seconds.

actually placed its head in the hopper aper-
ture (although grain could not be obtained
from the hopper because its aperture was
protected by a device described by Catania,
1965, to prevent such behavior). Similar feed-
er-orienting responses also occurred for Pi-
geons 4533 and WC4.

For Pigeon 4533 the concomitant VI
1,800-s FI 150-s schedule led to positively ac-
celerated response patterns across the fixed
interval after only a few sessions. The distri-
bution of responses across the fixed period
by Pigeon 4067 was more even (i.e., linear
cumulative record) than in the preceding
concomitant FT VI schedules, but the exper-
iment was terminated before positively accel-
erated responding developed.

The cumulative records in Figure 3 illus-
trate the moment-to-moment changes in re-
sponding for Pigeon 4067 that are summa-
rized in Figures 1 and 2. These records show
that responding was similar throughout the
session and that as the rate of VI food de-
creased both the frequency and degree of

negatively accelerated response patterns in-
creased.

DISCUSSION

As in several previous studies, intruding re-
sponse-independent food reduced response
rates relative to those maintained by a VI
schedule; however, the relation between re-
sponse rate and the proportion of response-
dependent reinforcers was variable. This lat-
ter finding is similar to that reported by Zeil-
er (1977) with concomitant FT VI schedules.

The negatively accelerated response pat-
terns across the FT were an unexpected find-
ing that suggests both detection of the two
different response/food-delivery relations
and control of responding by the temporal
distribution of food presentations through
the FT schedule. Because the negatively ac-
celerated response patterns were so striking
and different from responding under the VI
schedule, it seemed important to attempt a
replication of these findings.
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Fig. 2. Percentage of total responses in successive tenths of the fixed interfood interval for each subject in Ex-
periment 1. Each data point is an average over the last six sessions of each condition. All schedule parameters are
in seconds.

EXPERIMENT 2

In the first experiment, the FT value was
held constant as the VI value was systemati-
cally decreased. In the second experiment,
VI-maintained key pecking was studied over a
range of interfood intervals that were ar-
ranged by varying concomitantly available FT
schedules to further examine the effects of
intruded response-independent food on op-
erant behavior.

METHOD

Subjects and Apparatus

Each of 3 experimentally naive male White
Carneau pigeons was maintained at 80% of
its ad libitum body weight.

The apparatus was similar to that used in
the first experiment except that the chamber
was made of wood rather than of hardware
cloth and the internal dimensions of the
work area were 38 cm high by 33 cm long by
30 cm wide, with proportional changes in the
location of the response key (25 cm above the
chamber floor) and food hopper aperture

(lower edge 8 cm above the chamber floor).
Food was 3-s access to mixed grain.

Procedure

The initial training and general features of
the schedules were the same as described in
the first paragraph of the Procedure section
of Experiment 1. The schedules in effect, the
numbers of sessions in each, and the se-
quence of conditions are shown in Table 2.
Following training on VI 180-s (Pigeon 4773)
or VI 300-s (Pigeons 4050 and 8421) sched-
ules, concomitant FT VI schedules were ef-
fected. The first FT interfood interval was de-
creased by halving the current value in two
successive conditions. The resulting FT value
then was doubled successively in each of the
next two conditions. The ratios of response-
independent to response-dependent food in
these conditions, then, were 2:1, 4:1, 8:1, 4:1,
and 2:1, or percentages of response-depen-
dent food of 33%, 20%, 11%, 20%, and 33%.
The VI schedule then was reinstated, which
was followed in turn by FT alone. Then, one
or more concomitant FT VI schedules with
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Fig. 3. Sample cumulative records illustrating the pat-
terns of responding during VI and concomitant FT VI
schedules for Pigeon 4067. All food presentations are
shown as deflections of the response pen, and only re-
sponse-independent food presentations are shown as de-
flections of the lower event pen (where appropriate).
Each record is from one of the last six sessions of each
condition. The FT 150-s VI 600-s session was briefer than
usual on the day shown here. The reason for this shorter
session is not known.

Table 2

Sequence of conditions (schedules) and numbers of ses-
sions at each condition for each pigeon in Experiment
2. Where more than one schedule is listed on a single
line, the two schedules were in effect concomitantly.

Subject Schedule
Number of

sessions

4773 VI 180 s
FT 90 s VI 180 s
FT 45 s VI 180 s
FT 22.5 s VI 180 s
FT 45 s VI 180 s
FT 90 s VI 180 s
VI 180 s

62
7

25
10
25
27
12

FT 90 s
FT 90 s VI 600 s
FT 90 s VI 1,200 s
FT 90 s
FT 90 s VI 1,200 s
FT 90 s
FI 90 s

12
12
30
15
25
12
15

4050 VI 300 s
FT 150 s VI 300 s
FT 75 s VI 300 s
FT 37.5 s VI 300 s
FT 75 s VI 300 s

92
24
34
17
20

FT 150 s VI 300 s
VI 300 s
FT 150 s
FT 150 s VI 1,200 s
FT 150 s
FI 150 s

10
12
41
15
21
12

8421 VI 300 s
FT 150 s VI 300 s
FT 75 s VI 300 s
FT 37.5 s VI 300 s
FT 75 s VI 300 s
FT 150 s VI 300 s

49
9

35
25
23
35

VI 300 s
FT 150 s
FT 150 s VI 1,200 s
FT 150 s
FI 150 s

30
20
16
20
12

different VI food rates were studied in alter-
nating blocks of sessions with FT schedules.
An FI schedule was studied last. Conditions
were changed when no systematic trends
were observed in response rates and patterns.
Sessions ended following the first FT rein-
forcer after 3,600 s and occurred at the same
time each day, 5 days per week.

RESULTS

Figure 4 shows key-peck response rates for
each pigeon during the first seven conditions
as a function of the percentage of response-
dependent food. In general, response rates
were highest when all of the food was re-
sponse dependent and lowest when the per-
centage of response-dependent food was low-

est. Between these two extremes, however, the
response-rate function varied among pigeons.
For Pigeon 4773, response rate was an in-
creasing function of the percentage of re-
sponse-dependent food. For Pigeon 4050, re-
sponse rates did not change systematically
until the percentage of response-dependent
food presentations was at its lowest value, at
which point the response rates dropped. Re-
sponse rates of Pigeon 8421 decreased relia-
bly only with repeated exposure to FT alone
(see Figure 5).

Figure 5 shows, in sequence, the average
response rates during each of the last four
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Fig. 4. Response rates (responses per minute) as a
function of the proportions of total food presentations
that were response dependent for each subject during
each of the first seven conditions of Experiment 2. Re-
sponse rates are averages over the last seven sessions of
each condition. The closed and open points show data
from initial and replication conditions, respectively.

(Pigeons 4050 and 8421) or seven (Pigeon
4773) conditions of the experiment. Re-
sponse rates were lowest when FT was in ef-
fect, rose when VI was added to FT, declined
again when VI was removed, and then in-
creased when FT was changed to FI.

The same ratio of FT to VI food arranged
in different ways did not necessarily have the
same effects on response rates, as can be seen
by comparing the data in Figures 4 and 5.
Pigeon 4050 responded at similar rates under
concomitant FT 150 s VI 1,200 s and concom-
itant FT 37.5 s VI 180 s, which both arranged
food ratios of 8:1 favoring FT. Pigeon 8421

responded more rapidly when an 8:1 ratio
was arranged by concomitant FT 37.5 s VI 300
s as compared to the concomitant FT 150-s
VI 1,200-s schedule. Pigeon 4773 responded
more rapidly when a ratio of 7.5:1 was ar-
ranged by a concomitant FT 150-s VI 600-s
schedule than it did when an 8:1 ratio was
arranged by concomitant FT 22.5 s VI 180 s.
Pigeon 4773 also responded more rapidly
when FT was intruded into VI 600 s than
when it was intruded into VI 1,200 s. Chang-
ing from FT to FI increased response rates.

Figures 6 and 7 show the proportion of to-
tal responses in successive fourths of the FT
during, respectively, the first seven and the
remaining conditions of the experiment. As
in Experiment 1, data were recorded in sham
intervals when the VI was in effect. Respond-
ing was distributed evenly across the fixed pe-
riod when the VI schedule was in effect. Re-
sponse patterns under the concomitant
schedules were more variable across subjects
than in the first experiment. Pigeon 4773 re-
sponded slowly in the first quarter of the in-
terval, highest in the second quarter, and pro-
gressively more slowly through the third and
fourth quarters. Except for the low propor-
tion of responses in the first quarter of the
interval, these response distributions repre-
sent a negatively accelerated response pat-
tern, a point to which we will return in Ex-
periments 4 and 5 below. The patterns from
the other 2 pigeons ranged between linear
and positively accelerated across the FT pe-
riod, linear to slightly positively accelerated
(Pigeon 4050 in concomitant FT 37.5 s VI 300
s and Pigeon 8421 in concomitant FT 150 s
VI 300 s) until the shortest FT value was
reached and positively accelerated thereafter,
except during the VI condition. Pigeon 4773
continued to exhibit the pattern described
above during the first two FT and concomi-
tant schedules shown in Figure 7. When the
VI was changed to 1,200 s, the proportion of
responses in the first bin increased so that the
pattern more closely resembled those in the
first experiment. The response patterns of
the other pigeons were similar to those seen
under the conditions shown in Figure 6.

DISCUSSION

The effects of the different proportions of
response-dependent food on response rates
were variable across subjects, as they were in
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Fig. 5. Response rates (responses per minute) as a function of the proportions of total food presentations that
were response dependent for each subject during each of the last five (Pigeons 4050 and 8421) or seven (Pigeon
4773) conditions of Experiment 2. Response rates are averages over the last seven sessions of each condition. All
schedule parameters are in seconds. The error bars represent the ranges of response rates.

Fig. 6. Percentage of total responses in successive quarters of the FT period for each subject in each of the first
seven conditions of Experiment 2. Each data point is usually an average over the last seven sessions of each condition;
however, in a few instances the data are based on less than seven sessions because of incomplete bin data due to
recording difficulties in some of those last seven sessions. Beginning with the first panel on the left, data shown in
each panel are based on the following numbers of sessions: Pigeon 4773: 7, 2, 5, 4, 2, 7, 7; Pigeon 4050: 7, 3, 7, 7,
7, 7, 7; Pigeon 8421: 7, 7, 1, 2, 7, 7, 7. All schedule parameters are in seconds.
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Fig. 7. Percentage of total responses in successive quarters of the FT period for each subject in each of the last
seven (for Pigeon 4773) or five (for Pigeons 4050 and 8421) conditions of the experiment. All schedule parameters
are in seconds.

the first experiment above and in Zeiler
(1977). An orderly relation between these
two variables was found for Pigeon 4773, but
for the other 2 pigeons the response rates re-
mained relatively unchanged from the VI-
schedule-alone condition until the propor-
tion of response-dependent reinforcers was
low or zero, at which point response rates
dropped. The higher response rates when VI
600-s or VI 1,200-s schedules were in effect
concomitantly with FT compared to those
when FT was in effect alone suggest that key
pecking of these subjects was affected by even
relatively rare response-food dependencies.

Key-peck response patterns across the FT
were more variable than those observed in
Experiment 1. Excluding the first fourth of
the interval, the patterns of Pigeon 4773 re-
sembled the negatively accelerated patterns
found in the first experiment. The first
fourth of the interval included postfood paus-

es, which may have contributed to the rela-
tively infrequent responding in this interval.
During the first two concomitant schedules,
the patterns of the other 2 pigeons changed
from those seen in VI, but in divergent ways.
During and after the FT 37.5-s schedule, re-
sponding was positively accelerated. In this
second experiment, then, temporal control
was manifest as both negatively or positively
accelerated responding across the FT period,
with the degree of temporal control being a
function of the FT value.

In comparing the results of the first two
experiments, the differences in response pat-
terns despite similar contingencies in both
are not surprising, given the absence of any
programmed dependency between respond-
ing and food delivery under that schedule.
Given this opportunity for variability in re-
sponding, perhaps more surprising are the
similarities in the results. In neither experi-
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ment did overall response rates increase as a
function of the large increase in overall food-
delivery rate when the FT schedules were in-
truded. Rather, response rates decreased or
did not change as the proportions of VI and
FT food changed. Response rates seemingly
were not as reliably related to the proportions
of VI and FT food presentations as has been
found when VT schedules are intruded into
a stream of VI-maintained responding. Final-
ly, in both experiments, response patterns
changed from linear to something else as a
function of the intruded FT schedule. Fur-
thermore, the patterns changed as a function
of both the temporal parameters of the
schedules and the presence or absence of the
FT schedule.

Zeiler (1968) concluded that response
rates and response patterns are controlled in-
dependently by the response–reinforcer de-
pendency and the temporal distributions of
food presentations, respectively. Zeiler’s con-
clusion was based on an analysis of transitions
between simple interval and time schedules.
The results of Experiments 1 and 2 suggest a
more complex relation between response
rates and response patterns when response-
independent food is added to a stream of op-
erant behavior. The temporal distribution of
those presentations may affect not only re-
sponse patterns, but in so doing also may in-
fluence overall response rates as a function of
the changes that they cause in local response
rates, all of which contribute to the overall
response-rate measure. The precise relation
between local and overall response rates de-
pends on how and how much local rates
change as a function of the intruded FT food.
For example, if there are proportional de-
creases and increases in response rates at the
beginning and end of the FT period, respec-
tively, then the average rates will not change
from the baseline without the intruded food.
It is when the local response rates do not, so
to speak, balance out across the FT that over-
all response rates may not correspond system-
atically to the proportions of VI and FT food.
One final observation in relation to the re-
sponse rate and pattern data is in terms of
using resistance of response rates to intruded
response-independent events as an index of
response strength or behavioral momentum.
Although such events typically have been in-
truded during a blackout between multiple

schedule components (e.g., Nevin, 1974), it
also is conceivable that such response-inde-
pendent events might be intruded directly
into the stream of operant behavior rather
than into a blackout between components.
The inconsistent relations between response
rates and the percentage of response-depen-
dent events found here suggest that this pro-
cedure may vary in utility as an index of re-
sponse strength or behavioral momentum as
a function of how (i.e., by what schedule) the
response-independent events are intruded.

In the first two experiments, both the cor-
relation of responses with FT food presenta-
tions and the proportions of food arranged
by the two schedules seemed to play a role in
determining the effects of response-indepen-
dent food in the behavior stream. The cor-
relation of a response that has not been pre-
chosen with FT food delivery was most
striking in the first experiment, in which ori-
enting to the feeder developed and was main-
tained as a function of the FT schedule to
some degree with each subject. With Pigeons
4050 and 8421, at least during and after the
concomitant VI 300-s FT 37.5-s condition, the
positively accelerated response patterns sug-
gest that key pecking itself was functioning as
an operant controlled by the FT schedule. In
Experiment 1, the response patterns of each
animal were more negatively accelerated as
the VI schedule was made more lean (here-
after, relatively longer and shorter interfood
intervals will be described as leaner and
richer, respectively). In Experiment 2, re-
sponding by different subjects was either
more positively or negatively accelerated as
the FT schedule became richer.

These two variables, the correlation of a
well-defined response with the intruded
schedule and the proportions of food presen-
tations from the operant and intruded sched-
ule, were assessed in the next three experi-
ments, which constituted an analysis of
variables that might contribute to an interest-
ing behavioral effect that had been observed
in a somewhat different context. As a result,
it was of interest to hold some variables con-
stant while varying others. Concurrent sched-
ules were used in all three experiments to de-
marcate more clearly the VI and FT (or, in
some cases, FI) schedules. The concurrent
schedules, then, were used not to replicate
directly the contingencies investigated in Ex-
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periments 1 and 2 but rather as analytic tools
to hold constant some variables that were
deemed potentially important in determining
response patterns while systematically manip-
ulating others. Thus, the procedures in the
following experiments should be considered
as analogues or models of the procedures in
the first two experiments, implemented with
the goal of better understanding the control-
ling variables that operate when response-in-
dependent events are intruded into a stream
of operant behavior.

EXPERIMENT 3

There are no other reports of operant re-
sponse patterns across FT interfood periods
when concomitant VI schedules are in effect.
Zeiler (1968) reported positively accelerated
responding across the FT period when an FT
schedule was in effect alone following expe-
rience on either VI, FI, or VT schedules. Neu-
ringer (1970) provided examples of negative-
ly accelerated responding on both VT and FT
schedules alone, but his analysis was confined
to the presentation of two representative cu-
mulative records illustrating the effects. With-
in those records, there was considerable vari-
ability in the patterns. Nevin (1971, 1974),
however, observed negatively accelerated re-
sponse patterns consistently during VI sched-
ules when FI schedules, in which a prechosen
response was reinforced, were in effect con-
currently.

Nevin (1971) trained pigeons on concur-
rent FI VI schedules in which the two sched-
ules were available simultaneously on two dif-
ferent response keys. The distribution of VI
responses across the FI was negatively accel-
erated and linear, respectively, when an FI
50-s or an FI 200-s schedule was available con-
currently. These two response patterns oc-
curred independently of the VI schedule val-
ues, and even when equal relative
reinforcement rates were in effect with dif-
ferent absolute reinforcement rates (e.g.,
concurrent FI 50 s VI 90 s vs. concurrent FI
200 s VI 360 s). In Nevin’s (1971, 1974) ex-
periments, the two schedules were distinct
from one another because each was correlat-
ed with a distinct operandum, and a change-
over delay (COD) temporally separated re-
sponding on one schedule and food delivery
on the other. In Experiment 3 the effects of

a prechosen response, reinforced according
to an FI schedule, on VI response patterns on
a second operandum were compared to those
when no prechosen response was required
during the comparable FT food schedule.

METHOD

Subjects and Apparatus

Each of 3 male White Carneau pigeons
with previous reinforcement schedule expe-
rience was maintained at 80% of its free-feed-
ing weight.

An operant conditioning chamber with a
work area 38 cm high by 33 cm long by 30
cm wide was used. Two response keys were
located on the front work panel with their
bases 23 cm from the floor and 6.5 cm on
each side of the panel midline. Each key was
transilluminated by a white 110-V AC light at
all times except during reinforcement. Food
consisted of 3-s access to mixed grain in a
food hopper that was located behind a feeder
aperture (5 cm square) centered between the
two keys and with its lower edge 8 cm from
the floor. The aperture was lit by a white
110-V AC light during food delivery. General
chamber illumination was provided by a
110-V AC houselight located in the lower
right corner of the work panel. The house-
light remained on throughout the session, ex-
cept during food delivery. White noise and a
ventilation fan masked extraneous noise.
Electromechanical programming and record-
ing equipment was located in an adjacent
room.

Procedure

Because each bird was experienced with re-
inforcement schedules, a two-key concurrent
schedule was implemented at the outset of
the experiment. The left key was correlated
with the VI schedule in all conditions, and
the right key was correlated with an FI sched-
ule in some conditions. In other conditions
the right key remained illuminated but an FT
schedule, by definition not correlated with an
operandum, was in effect. With the VI sched-
ule, the first left-key peck after the lapse of
the interreinforcer interval was followed by
food. The VI reinforcers were programmed
according to the constant probability distri-
bution suggested by Fleshler and Hoffman
(1962). With the FI schedule, the first right-
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Table 3

Conditions, ratios of FI or FT to VI food presentations, and number of sessions per condition
for each pigeon in Experiment 3. The sequence of the experimental conditions is indicated
in parentheses.

Condition

Ratio of FI
or FT to VI

food

Number of sessions

Pigeon B1 Pigeon B2 Pigeon B3

Concurrent FI 30 s VI 360 sa

Concurrent FI 180 s VI 360 s
Concurrent FI 180 s VI 1,080 s
Concurrent FI 180 s VI 2,160 s
Concurrent FT 180 s VI 1,080 s
Concurrent FT 180 s VI 2,160 s

12:1
2:1
6:1

12:1
6:1

12:1

15 (2)
10 (1)
10, 10 (4, 7)
11 (3)
12 (5)
10 (6)

12 (2)
10 (1)
14, 12 (3, 7)
15 (4)
10 (6)
10 (5)

10 (1)
10 (2)
10, 15 (3, 7)
10 (4)
10 (6)
13 (5)

a Condition analyzed in Experiment 5.

key peck after a fixed period was followed by
food. Changes from one key to the other
started a 2-s COD, which postponed for 2 s
the availability of any reinforcer scheduled on
the changed-to key; a peck after the COD was
required to collect the assigned reinforcer.
Under the FT schedules, food was delivered
at regular periods independently of key
pecks, as in Experiments 1 and 2. Pecks on
the right key when the FT schedule was in
effect started a 2-s COD so that VI reinforcers
were delayed from pecks on the right key but
FT food presentations were independent of
VI responding.

Table 3 shows, for each pigeon, the values
of the component schedules, the sequence of
conditions, and the number of sessions for
each condition. The ratio of FI (or FT) to VI
food also is shown. When a condition was
studied twice, the numbers of sessions in ef-
fect during both the first and second expo-
sures are shown. The table shows the se-
quence of the first and second exposures.
One schedule component was always a VI
while the other component arranged, at dif-
ferent times in the experiment, either re-
sponse-dependent (FI) or response-indepen-
dent (FT) food. The FI or FT schedule
remained constant at 180 s while the VI
schedule was changed across conditions (VI
360 s, VI 1,080 s, and VI 2,160 s). Thus, FI or
FT food was 2, 6, or 12 times more frequent
than VI food. (The results of the concurrent
FI 30-s VI 360-s schedule are described in Ex-
periment 5.) The order of conditions varied
across subjects. Conditions were changed
when systematic directional trends in re-
sponse rates were not observed after a mini-
mum of 10 sessions at each condition (cf.

Nevin, 1971). Sessions occurred 5 days per
week, at the same time each day, and they
terminated after 22 food presentations on the
fixed schedule.

RESULTS

Response rates of each subject on both keys
during the last six sessions of each condition
are shown in Figure 8. Response rates on the
right key were consistently higher when the FI
was in effect than when the FT was in effect.
For each pigeon, left-key response rates con-
trolled by VI 1,080 s and VI 2,160 s were sim-
ilar when either FI or FT was in effect. De-
creases in the VI food rate usually decreased
VI response rates and did not systematically
change response rates on the right key.

Figure 9 shows the logarithms of the re-
sponse-rate ratios (FI responses divided by VI
responses) as a function of the logarithms of
the food-delivery-rate ratios in the two compo-
nents (FI reinforcers divided by VI reinforcers).
Each data point represents values from one of
the six stable sessions for each subject shown
in Figure 8. Similar data from concomitant FT
VI schedules are not shown because the ratio
of food deliveries varied over a narrow range,
limiting the scope of any prediction. The solid
lines were fit by the method of least squares,
with the equation of each line given beside it.
Slopes of less than 1.0 were obtained consis-
tently, indicating that response ratios were less
sensitive to reinforcement ratios than is implied
by strict matching. The matching relation also
implies an intercept (k) equal to 1.0 (and log
k equal to 0). When a food-delivery ratio of 1.0
is not accompanied by a response ratio also
equal to 1.0, the intercept differs from 1.0, and
preferences are biased toward one of the alter-
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Fig. 8. Response rates for each subject during the last six sessions of each condition in Experiment 3. The
conditions involving a concurrently available VI and FI schedule are shown in the graphs on the left and those
involving a concomitantly available FT and VI schedule are shown in the graphs on the right. One data point is
missing for Pigeon B1 during the concurrent FI 180-s VI 360-s condition and for Pigeon B2 during the concurrent
FI 180-s VI 2,160-s condition. All schedule parameters are in seconds.

natives. The pecking of Pigeons B1 and B3 was
biased in favor of the VI component (k was
equal to 0.81 and 0.89, respectively). For Pi-
geon B2, pecking was biased toward the FI
component (k was equal to 2.69). The propor-
tion of the variance of response ratios that is
accounted for by the food-delivery ratios is in-
dicated by r2.

Figure 10 shows the percentage of responses
in successive tenths of the fixed interfood in-
tervals. When a concurrent FI VI schedule was
in effect, negatively accelerated response pat-
terns occurred with the two larger ratios of FI
to VI food. When the ratio of fixed to variable
food was 2:1 (concurrent FI 180 s VI 360 s),
the distributions of responses across the fixed
time period were not systematic across subjects:
For Pigeons B1 and B2, responding after the
first tenth of the interval was evenly distributed
in successive tenths of the interval; for Pigeon
B3, response rate was highest at the beginning
of the interval and decreased across the re-
mainder of the intervals. When the ratio of
fixed to variable food was 6:1 (concurrent FI
180 s VI 1,080 s), the patterns were accentuat-
ed. A similar pattern continued when the ratio

of fixed to variable food was increased to 12:1
(concurrent FI 180 s VI 2,160 s).

In contrast to concurrent FI VI schedules,
concomitant FT VI schedules generated less
consistent response patterns across the FT
(Figure 10). Under concomitant FT 180 s VI
1080 s, Pigeons B1 and B3 showed nearly uni-
form key-peck responding across the FT,
while a negatively accelerated pattern was ob-
served for Pigeon B2. Under concomitant FT
180 s VI 2160 s, a pattern of negatively accel-
erated response rate across the FT developed
for Pigeon B3, while no change was observed
from the previous condition in the response
patterns of Pigeons B1 and B2. In each case
where negatively accelerated responding oc-
curred, it was less marked than that obtained
under the equivalent-valued FI schedule.

DISCUSSION

The reinforcement of a prechosen alter-
native response during a fixed interfood in-
terval makes a pattern of negatively acceler-
ated VI schedule responding more likely and
more pronounced than that which occurs in
the absence of such a response. These find-
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Fig. 9. Logarithms of ratios of responses (FI:VI) as a
function of the logarithm of food-delivery rate ratios in
the FI and VI components of the concurrent schedule
for each pigeon in Experiment 3 (Pigeon B1’s data are
shown in the top graph and Pigeon B3’s are shown in
the bottom graph). Each data point is an average of the
last six sessions of each condition. All schedule parame-
ters are in seconds.

ings implicate a response–food dependency
in the control of negatively accelerated re-
sponse patterns of the sort reported in Ex-
periment 1. The response–food dependency
on the fixed schedule requires that respond-
ing be distributed on both operanda for op-
timal food access. As a result, responding on
the FI operandum comes under temporal
control. Eliminating the response–food de-
pendency from the fixed schedule renders
the operandum irrelevant, creating, as noted
above, a single-key procedure identical to that
studied in the first two experiments. In the
latter case, the degree of negative accelera-
tion was diminished but did not disappear en-
tirely. The continued negatively accelerated

response patterns during the schedules in-
volving FT components may be due in part
to the previous history with FI schedules. In
each case, the concomitant FT VI schedules
occurred after all of the concurrent FI VI
conditions. The degree of negative accelera-
tion was greater during the condition that im-
mediately followed the last concurrent sched-
ule and was less in the condition following
the concomitant FT VI schedule.

The results of Experiment 3 also suggest
that the ratio of response-dependent to re-
sponse-independent food may be a factor in
determining the patterns of responding
when response-independent reinforcers are
intruded at fixed points in time. In the case
of the concurrent FI VI, a ratio of 2:1 favoring
FI produced only minimally negatively accel-
erated response patterns in comparison to
that produced by the larger ratios. Further-
more, the pattern of responding changed
from linear to negatively accelerated with Pi-
geon B3 at the most extreme food ratio
(12:1) favoring FT (see also Figure 14 below,
in which the results of a 12:1 ratio, achieved
with a concurrent FI 30-s VI 360-s schedule,
are analyzed). With Pigeon B2, the pattern
became increasingly negatively accelerated as
the ratios increasingly favored the FT sched-
ule. The contribution of the ratio of food
from the different schedules was examined in
greater detail in the next two experiments.

EXPERIMENT 4
In Experiment 4 the ratios of response-de-

pendent to response-independent food were
varied across several combinations of rates of
food arranged by VI and FT schedules. Because
the spatio-temporal separation of the schedules
affects response patterns, a schedule requiring
a changeover response (Findley, 1958) was
used to distinguish the two schedules. Thus, al-
though food occurred independently of re-
sponding in the presence of the FT discrimi-
native stimulus, the food depended on a
response on the changeover operandum.

METHOD

Subjects and Apparatus
Each of 3 White Carneau pigeons with pri-

or reinforcement schedule experience was
maintained at 80% of its free-feeding weight.

The apparatus was similar to that used in the
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Fig. 10. Distribution of VI responses across successive tenths of the fixed interreinforcer intervals for each subject
in Experiment 3. Each data point is an average of the last six sessions of each condition. All schedule parameters
are in seconds.

third experiment, except in the following ways.
The two keys were located 27 cm from the
chamber floor and were separated by 5 cm; the
right key was located 8.5 cm from the right side
wall, and the left key was located on the panel
midline and 15 cm directly above the top of
the feeder aperture; a blue light illuminated
the right key and either a red or a white light
illuminated the left key, depending on whether
the schedule in effect was FT or VI.

Procedure

Because key pecking had been established
previously, each pigeon was exposed directly
to a concurrent FT VI schedule arranged us-
ing a changeover-key procedure. Both sched-
ule components were correlated with a differ-
ent color on the left key (main key). A single
peck on the right, changeover, key changed
the key color and schedule on the main key.
When the main key was transilluminated red
or white, FT or VI, respectively, was in effect.
Both components operated independently in
that the interfood intervals of each schedule
continued to time (until a reinforcer for that
schedule was assigned) when either schedule
was in effect. Once food was scheduled in a
given component, it remained available until

collected. A COD prevented the delivery of
food within 2 s of a changeover.

The FT and VI values, the sequence of con-
ditions, and the ratios of FT to VI food for
each condition are shown in Table 4. When
a condition was in effect twice, the number
of sessions for each exposure is shown. The
sequence numbers of the first and second ex-
posures are shown. The order of conditions
differed for each subject. Conditions were
changed after a minimum of 10 sessions and
when the percentage of time spent in the FT
component met two stability criteria. First, for
any six consecutive sessions, the mean of the
first three sessions could not differ more than
3% of the mean of the last three sessions. Sec-
ond, an absence of directional trends over
the six sessions was required. Sessions were
conducted at the same time 5 days per week,
and each session lasted until the next avail-
able food delivery after 2,700 s occurred,
thereby ensuring that the session ended after
an FT food delivery.

RESULTS

The time allocated to each component
during each of the last six sessions of each
condition is shown in Figure 11. For each
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Table 4

Conditions, ratio of FT to VI food presentations, and number of sessions per condition for
each bird in Experiments 4 and 5. The sequence of conditions is indicated in parentheses.

Condition
Ratio of FT
to VI food

Number of sessions

Pigeon B4 Pigeon B5 Pigeon B6

Experiment 4
Concurrent FT 60 s VI 20 s
Concurrent FT 60 s VI 60 s
Concurrent FT 60 s VI 180 s
Concurrent FT 120 s VI 40 s

1:3
1:1
3:1
1:3

19 (7)
13, 11 (5, 8)
10 (6)
10 (3)

10 (8)
12, 16 (6, 9)
15 (7)
12 (3)

10 (2)
15 (10)
12 (11)
14 (3)

Concurrent FT 120 s VI 120 s
Concurrent FT 120 s VI 360 s
Concurrent FT 240 s VI 80 s
Concurrent FT 240 s VI 240 s
Concurrent FT 240 s VI 720 s

1:1
3:1
1:3
1:1
3:1

11 (1)
11, 10 (2, 13)
10 (11)
11 (9)
10 (10)

10, 12 (1, 5)
11, 10 (2, 15)
10 (12)
17 (10)
26 (11)

12, 14 (1, 5)
14, 13 (2, 14)
10 (8)
15, 18 (6, 9)
21 (7)

Experiment 5
Concurrent FT 30 s VI 90 s
Concurrent FT 30 S VI 360 s
Concurrent FT 30 s VI 720 s
Concurrent FT 240 s VI 360 s
Concurrent FT 480 s VI 720 s

3:1
6:1
9:1
3:2
3:2

20 (12)
14 (4)
10 (14)
10 (15)
21 (16)

10 (13)
11 (4)
19 (14)
21 (17)
12 (16)

10 (13)
12 (4)
13 (15)
18 (16)
19 (17)

Fig. 11. Time allocated (in minutes) to each component during each of the last six sessions of each condition
for each pigeon in Experiment 4. All schedule parameters are in seconds.

bird, the time allocated to the two compo-
nents was directly related to the relative rate
of FT and VI food, regardless of the absolute
schedule values. When the interfood intervals
of the two schedules were equal, more time
was allocated to the VI. In Figure 12, the log-
arithms of the time allocated to either com-
ponent are shown as a function of the loga-
rithms of the food ratios. The solid lines were
fit by the method of least squares. The equa-
tion describing each line is presented in the
upper left corner of each graph, along with
r2 and the antilogarithm of the intercept (k).

In general, for each pigeon, the data con-
formed to the matching relation, but with a
bias toward the VI. The proportion of the
variance accounted for by the line of best fit
was $.90 for each pigeon.

The distribution of VI responses across suc-
cessive tenths of the FT is shown in Figure
13. When the ratio of FT to VI food was 1:3
(concurrent FT 60 s VI 20 s, concurrent FT
120 s VI 40 s, and concurrent FT 240 s VI 80
s), approximately linear VI response patterns
followed by a peak in responding after the FT
interval had lapsed (Bin 11) were obtained.
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Fig. 12. Logarithms of the ratios of time spent in each
component (FT:VI) as a function of the logarithm of the
food ratios in the FT and VI components of the concur-
rent schedule for each subject in Experiment 4. Each
data point is the average of the last six sessions of each
condition. All schedule parameters are in seconds.

Fig. 13. Percentage of total VI responses in successive tenths of the FT period for each subject in Experiment 4.
The 11th bin in each graph shows the percentage of total responses that occurred after the FT had lapsed but before
the animal next changed over to that schedule. Each data point is the average of the last six sessions of each condition.
All schedule parameters are in seconds.

For Pigeons B5 and B6, the percentages of VI
responses after the FT period had elapsed de-
creased as the absolute rate of FT and VI food
increased.

When the ratio of FT to VI food was 1:1,
the patterns of VI responses remained linear
throughout most of the FT period, but with
slight peaks in the percentage of responses at
different points during the interval depend-
ing on the FT and VI absolute values. Under
concurrent FT 60 s VI 60 s, all pigeons key
pecked more often either near the beginning
or at the end of the FT period. Under con-
current FT 120 s VI 120 s, most responding
occurred after the FT had lapsed, as indicat-
ed by the elevated data point in Bin 11. Un-
der concurrent FT 240 s VI 240 s, VI response
rate was slightly higher at the beginning of
the FT interval and was slightly lower in Bin
11.

When the ratio of FT to VI food was 3:1
(concurrent FT 60 s VI 180 s, concurrent 120
s VI 360 s, and concurrent FT 240 s VI 720
s), negatively accelerated VI response pat-
terns occurred. The degree of negative ac-
celeration tended to be greater with the high-
er absolute rates of FT and VI food
(concurrent FT 60 s VI 180 s). Under this
latter schedule, Pigeons B4 and B5 did not
begin VI responding until the second tenth
of the interval, that is, after about 3 s, likely
reflecting a combination of postfood pausing
and time spent changing over from the FT to
the VI schedule.
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DISCUSSION

When the FT value was constant, negatively
accelerated response patterns were more like-
ly when the VI schedule was leaner. Such pat-
terns also were more likely when the FT
schedule was richer. These results confirm
and extend the general observations in Ex-
periments 1 through 3 that ratios of FT to VI
food favoring the FT are more likely to result
in deviations from equal responding across
the fixed period. However, equivalent ratios
generated by different values of the two
schedules did not yield the same patterns,
suggesting that the negatively accelerated re-
sponse patterns also depend on the absolute
values of the FT schedule. For example, both
the concurrent FT 60-s VI 120-s and the FT
240-s VI 720-s schedules yielded food-presen-
tation ratios of 3:1 favoring the FT schedule,
but negatively accelerated responding was
more marked when the former schedule was
in effect. The role of the absolute values of
the schedules in yielding negatively acceler-
ated response patterns was examined further
in the final experiment.

EXPERIMENT 5

The effects of absolute FT values on re-
sponse patterns were studied by combining
the result of several manipulations in Exper-
iment 5 with data from Experiments 3 and 4.
First, the effects of variations in the rate of VI
food were studied as a function of a rich FT
schedule held constant at 30 s. Second, the
effects on response patterns were studied as
a function of constant VI schedules while the
FT schedule value was varied from rich to
lean.

METHOD

Subjects and Apparatus

Pigeons B4, B5, and B6 from Experiment
4 were studied.

The apparatus was the same as that in the
second experiment.

Procedure

The same changeover-key procedure de-
scribed in Experiment 4 was used. The se-
quence of conditions, the ratios of FT to VI
food, and the number of sessions for each
experimental condition are shown in Table 4.

In the first three conditions, the FT remained
constant at 30 s and the VI was varied from
90 s to 360 s to 720 s across conditions. In
the next two conditions, the values of both
FT and VI schedules were changed (concur-
rent FT 240 s VI 360 s, concurrent FT 480 s
VI 720 s) but the ratio of FT to VI food was
constant at .60. The stability criterion de-
scribed in Experiment 4 also was used in this
experiment.

RESULTS

Figure 14 shows the distribution of VI re-
sponses across successive tenths of the FT
when the FT was fixed at 30 s and the abso-
lute VI food rate varied across sessions. Data
from the concurrent FI 30-s VI 360-s schedule
obtained with the two-key concurrent sched-
ule described in Experiment 3 are included
for comparison. The same general pattern oc-
curred in each condition, regardless of the
absolute rate of VI food and therefore re-
gardless of the ratios of FT to VI food. Re-
sponding was infrequent or did not occur in
the first bin, accelerated rapidly to a peak in
Bin 3 or 4, and then rapidly decelerated to
food delivery. Comparing across subjects,
negatively accelerated response patterns oc-
curred in both concurrent FT 30-s VI 360-s
and concurrent FI 30-s VI 360-s schedules.
Patterns similar to the ones shown in Figure
4 were seen in Experiment 2 with Pigeon
4773 and during the concurrent FT 60-s VI
180-s condition of Experiment 4. In the pres-
ent experiment in particular the interfood in-
tervals were 30 s so that the size of each bin
was only 3 s. As a result, pausing or changing
over to the alternative schedule after FT food
reduces the number of responses in the first
and perhaps subsequent bins, reflected in the
data as low or 0% responses.

Figures 15 and 16 show the distribution of
VI responses across the FT when it was varied
while holding the VI constant. Data previous-
ly collected in Experiment 4 and presented
in Figure 13 (in which data are presented as
the concurrent FT 120-s VI 360-s and concur-
rent FT 240-s VI 720-s conditions) and Figure
14 (in which data are presented as the con-
current FT 30-s VI 360-s and concurrent FT
30-s VI 720-s conditions) are included. In
general, response patterns were more nega-
tively accelerated when the richer FT sched-
ules were in effect. Consistent differences in
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Fig. 14. Percentage of total VI responses in successive tenths of the FT 30-s component for each subject in
Experiment 5 as a function of VI schedule value. The 11th bin in each graph depicts the proportion of total responses
that occurred after the FT had lapsed but before the pigeon changed over to the FT component. The distribution
of VI responses over successive tenths of the FI 30-s component for each subject in Experiment 3 is also shown in
the graphs on the extreme right. Each data point is the average of the last six sessions of each condition. All schedule
parameters are in seconds.

patterns as a function of the VI value were
not observed.

DISCUSSION

Short FT (Experiment 5) and FI (Experi-
ment 3) interfood intervals engendered sim-
ilar negatively accelerated response patterns
independently of the ratio of FT to VI food,
suggesting the importance of absolute FT
food rates in the appearance of such patterns.
The effect of the absolute FT value on the
development of negatively accelerated re-
sponding is illustrated further by the results
shown in Figures 15 and 16, in which nega-
tively accelerated response patterns were gen-
erally more pronounced when FT interfood
intervals were shorter under constant VI
schedules. Of course, in these figures the FT
to VI food ratios also increasingly favored the
FT.

The results of Experiments 4 and 5 togeth-
er suggest that a rich FT schedule, in either
relative or absolute terms, makes temporal
control of responding more likely, provided
that the behavior correlated with either

schedule is distinct. One qualification, how-
ever, is that when both schedules are lean,
temporal control of responding by the FT
schedule is diminished. The results of these
two experiments, using a procedure in which
the distinctiveness of the schedules is more
precisely specified, also help to clarify the re-
lations between the schedule values and re-
sponse patterns observed in Experiments 1
and 2. In Experiment 1, negatively acceler-
ated responding became more pronounced
as the VI schedule was made leaner. In Ex-
periment 2, the response patterns of both Pi-
geons 4050 and 8421 displayed the most pos-
itively accelerated responding when the
richest FT schedule (37.5 s) was in effect.
With Pigeon 4773, the greatest proportion of
the responses in the second quarter and the
lowest proportion of responses in the fourth
quarter of the fixed period also occurred
when FT food delivery was most frequent.

The diminished temporal control shown in
Experiments 4 and 5 with lean VI and FT
schedules makes the strong temporal control
found in Experiment 1, in which quite lean



395BEHAVIOR STREAM

Fig. 15. Percentage of total VI responses in successive tenths of the FT component for each subject under con-
current FT 30-s VI 360-s, FT 120-s VI 360-s, and FT 240-s VI 360-s schedules in Experiment 5. The 11th bin in each
graph depicts the proportion of total responses that occurred after the FT had lapsed but before the pigeon changed
over to the FT component. Each data point is the average of the last six sessions of each condition. All schedule
parameters are in seconds.

FT and VI schedules were employed, even
more surprising. This latter finding reinforc-
es the conclusion that, although the values of
the component schedules were important,
other variables such as the distinctiveness of
the responses correlated with each schedule,
either by accident or by design, also play a
role in determining the effects of intruded
response-independent events.

GENERAL DISCUSSION

The effects observed in the first two exper-
iments were analyzed in the last three in
terms of the contributions of variables related
to both reinforcement and stimulus control.
The reinforcement variable of interest here,
the response–food relation, was manipulated
by varying the proportions and rates of re-
sponse-dependent food presentations. Re-
sponse rates were not consistently related to
the proportions of VI food presentations

when the concomitant schedule was an FT,
but relative response rates were more consis-
tent with relative food rates under concurrent
FI VI, in which a constant relation was main-
tained between each operant and its reinforc-
er. The ratio of FT to VI food strongly influ-
enced response patterns. This ratio may in
turn have its effects as a result of, or at least
in concert with, discriminative processes that
operate when response-independent food is
intruded into a stream of operant behavior.

Both the response–food relation and the
temporal aspects of the food schedule were
potential sources of discriminative stimulus
control of responding in the present experi-
ments. To the extent that response-depen-
dent and response-independent food presen-
tations are detected as distinct, they may
control responding differentially through a
discriminative, as distinct from a reinforce-
ment, process. For example, Burgess and
Wearden (1986) proposed a model for de-
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Fig. 16. Percentage of total VI responses in successive tenths of the FT component for each subject under con-
current FT 30-s VI 720-s, FT 240-s VI 720-s, and FT 480-s VI 720-s schedules in Experiment 5. The 11th bin in each
graph depicts the proportion of total responses that occurred after the FT had lapsed but before the pigeon changed
over to the FT component. Each data point is the average of the last six sessions of each condition. All schedule
parameters are in seconds.

scribing the effects of intruded response-in-
dependent food that relies heavily on quan-
tifying the discriminative properties of the
response–reinforcer relation. The difficulty
with the model is that it does not suggest an
index of the discrimination that is indepen-
dent of response rates. Nonetheless, a dis-
criminative process like that suggested by
Burgess and Wearden may have operated
during Experiment 1, in which distinct re-
sponses developed during the two concomi-
tant schedules and negatively accelerated key-
peck response distributions were obtained. In
Experiment 3 the two response–reinforcer re-
lations were the same for both the FI and the
VI components of the concurrent pair, but
each was correlated with a topographically
distinct operant response; again, the response
patterns during VI may suggest discriminative
control of responding as a function of the
food source location, that is, the two response
keys.

The control of behavior may depend in
part ‘‘on the degree to which differential re-
inforcement contingencies are associated
with responding at values along the [tempo-
ral] dimension’’ (Lund, 1976, p. 156). In re-
inforcement schedules, temporal control can
be said to occur when the temporal distribu-
tion of responding is controlled by the tem-
poral distribution of reinforcers. As noted in
the discussion sections of Experiments 1 and
2, when reinforcers occur at fixed temporal
points, two types of distributions of responses
within the interreinforcer interval offer evi-
dence for temporal control. The most com-
mon is a positively accelerated distribution of
responses across the interreinforcer interval
of the sort often observed on FI schedules
(but see also Ferster & Skinner, 1957, and
Schneider, 1969, for descriptions of break-
and-run FI patterns). Break-and-run patterns
still can be considered positively accelerated;
it is only that a pause in responding is fol-
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lowed by an abrupt acceleration to the ter-
minal response rate. Temporal control also is
manifest by a negatively accelerated distribu-
tion of responses across the interreinforcer
interval. Examples of both types of temporal
control were seen in the present experi-
ments.

Lund (1976, Experiment 1) showed how
temporal control over a single key-peck re-
sponse develops as a function of the distri-
bution of interfood intervals. He gradually
transformed FI schedules to VI schedules by
systematically varying the probability of FI
and VI components in a mixed schedule. As
the probability of a FI component increased,
that is, as responding increasingly was differ-
entially reinforced with respect to time, re-
sponse patterns became increasingly positive-
ly accelerated. In Experiment 3, temporal
stimulus control of VI responding by the FI
schedule, as evidenced by the degree of neg-
atively accelerated response patterns, in-
creased as the relative rate of FI reinforce-
ment increased. Similar temporal control
with FT schedules was observed when the FT
schedule was correlated with a distinct stim-
ulus in Experiment 4. In Experiment 5, in
which the FT schedule was rich, negatively ac-
celerated response patterns were observed
across several different-valued VI schedules.
The present results, in conjunction with
Lund’s earlier findings, suggest that temporal
stimulus control by an intruded event is more
likely the more regularly that that event oc-
curs relative to the other events. Whether the
expression of that temporal stimulus control
is a positively or negatively accelerated re-
sponse pattern may depend on other vari-
ables, such as the presence or absence of dis-
tinct responses correlated with each
schedule.

Whether the discrimination of the re-
sponse–food relation and the temporal con-
trol of responding by the fixed schedule are
distinct behavioral processes cannot be an-
swered unequivocally on the basis of the pres-
ent experiments. We think it likely that the
detection of the response–food relation in
Experiments 1 and 3 was the basis for at least
a portion of the temporal control manifested
by the subjects in those experiments because
of the distinct responses that were correlated
with the component schedules. In the case of
Pigeons 4050 and 8421 in Experiment 2,

which both developed positively accelerated
patterns of key pecking, the temporal control
may have been more directly a function of
the temporal placement of the reinforcers
and less a function of detection of the re-
sponse–food relations as such. The pecking
of these pigeons was relatively insensitive to
the changing proportions of FT and VI food,
which might be taken as support for a failure
to discriminate the VI and FT food except for
two reasons. First, the response rates of Pi-
geon 4067 in Experiment 1 were not sensitive
to the changing proportions of response-de-
pendent food, but its response patterns were
markedly negatively accelerated, suggesting
control by the FT schedule of another re-
sponse, as previously noted. Second, the pic-
ture is further complicated by the interplay
between local and overall response rates as
discussed at the conclusion of the second ex-
periment. This analysis simply underlines the
complexity of disentangling controlling vari-
ables in the in vivo arrangements of Experi-
ments 1 and 2 and the value of procedures
like those used in the last three experiments
in terms of isolating controlling variables.

Another source of discriminative control of
responding in the present experiments is the
food itself. The same food type, mixed grain,
was arranged by both schedules. When a re-
sponse is reinforced, the reinforcer can func-
tion as a discriminative stimulus that evokes
further responding (cf. Cruse, Vitulli, & Dert-
ke, 1966). When an identical food presenta-
tion to the reinforcer is intruded as a re-
sponse-independent event, it too may evoke
the operant response. One obvious way of dis-
tinguishing the events is by making them
physically distinct—dry rat pellets and con-
densed milk, for example. Other ways of mak-
ing the food distinct were included in the
present experiments. In Experiment 3 the
same type of food was correlated with differ-
ent operanda, and in Experiments 4 and 5
the two events were made distinct by corre-
lating distinct stimuli with each one, with the
effect that temporal patterning developed
and was maintained.

The reinforcement and stimulus variables
described above operate in concert with one
another to yield the in vivo effects of re-
sponse-independent events intruded into the
behavior stream. Other types of variables that
will influence the effects of intruded events
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include the composition of the behavior
stream, as the experiments reviewed in the
introduction suggest, and the nature of the
intruded event itself. Intruded response-in-
dependent events in natural settings are likely
to be more diverse than the ones studied
here, not necessarily similar to events that
function as reinforcers, and sometimes may
be negative (i.e., aversive) rather than neutral
or positive. For example, foraging animals
may encounter prey that inflict injury on
them, an event that can occur independently
of the foraging animal’s behavior but may
profoundly influence the animal’s future ac-
tions. Yet many, if not most, intruded re-
sponse-independent events are without be-
havioral effect. If it were otherwise, the
organism’s behavior would be capricious,
changing constantly in response to randomly
occurring events and perhaps at the expense
of changing in response to the consequences
of its actions. The detection, or lack thereof,
of such intruded response-independent
events and their differential effects on behav-
ior, as revealed in the present experiments,
therefore constitutes an important element
in the understanding of adaptive behavior.
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